size). Early research using this paradigm (e.g., Treisman & Gelade, 1980) led to the distinction between a spatially parallel mode of search, for example, when the target is defined by a simple feature difference relative to the distractors (indicated by flat RT functions), and a serial mode, for example, when the target is defined by a combination of features (linearly increasing RT functions). However, this simple dichotomy was challenged by findings that certain combinations of features could be detected in parallel. For example, McLeod, Driver, and Crisp (1988) reported that targets defined by a conjunction of movement and form could be detected in parallel. In the task used by McLeod et a]., participants had to search for a moving X among moving 0 s and stationary Xs. To account for the flat search RT functions, McLeod et al. proposed a two-stage process. At the first stage, a movement filter, which operates in parallel, segregates the display into two sets, moving and stationary items. The filter represents only the moving items. At the second stage, the moving items are searched. Because there is only one moving X among the moving 0 s represented by the filter, the task is effectively reduced to the detection of a single featural form difference between the target and the nontargets, permitting the search to operate in parallel. Treisman and Sato (1990) proposed an augmented version of the feature integration theory to accommodate this exception (as well as others; e.g., Egeth, Virzi, & Garbart, 1984; Nakayama & Silverman, 1986 ). The main modification in the revised theory is that if a feature distinction is particularly salient, detector units in nontarget feature maps can inhibit nontarget locations on the master map so that they can be excluded from serial search. In other words, in search for conjunctions of motion and form, scanning would effectively be restricted to the moving stimuli, and parallel search would result. A very similar proposal is made by Guided Search (Cave & Wolfe, 1990; Wolfe, 1994) . The existence of motion-based filtering does, thus, not pose a fundamental challenge to most general theories of visual selection, because it does not question the fundamental modularity assumption.
A Challenge to the Modularity Assumption
However, a challenge to this assumption was provided by a finding reported by Driver and McLeod (1992) . In a previous study, McLeod et al. (1988) had demonstrated that visual search for motion-form conjunctions could be efficient, in terms of search rate, when the form discrimination required was easy. Driver and McLeod subsequently showed that conjunction search for an upward-moving line tilted 45" from the vertical among upwardmoving vertical lines and stationary 45" tilted lines (moving-target condition) was more efficient than search for a stationary line tilted 45" from the vertical among stationary vertical lines and upwardmoving 45" tilted lines (stationary-target condition; see Figure 1 for an example display). Conversely, when the target was tilted 9" from the vertical, stationary-target search was easier than movingtarget search. Driver and McLeod proposed that, when the form discrimination required is easy, detection of a moving formconjunction target can be accomplished efficiently within the movement filter system, which segregates the moving items from the stationary items and has a gross representation of the moving items' form. However, when the discrimination is hard, the static form system, which has a poor representation of moving items, has to come into play. In contrast, detection of a stationary target is comparatively inefficient when the discrimination is easy, because the stationary form system has difficulty keeping moving items out of the search. However, when the discrimination is hard, this difficulty is outweighed by the system's accurate representation of form.
Although the search rate advantage for stationary-target over moving-target conjunction search with 9' targets is not contentious, the advantage for moving-target over stationary-target con-junction search with 45" targets is theoretically more interesting (and controversial; see Berger & McLeod, 1996; Muller & Found, 1996; Muller & Maxwell, 1994; Muller & von Muhlenen, 1999) . If this advantage indeed means that both movement and aspects of form are represented within the motion system, it would provide a challenge to the modularity assumption. Although Driver and McLeod (1992) acknowledged the existence of specialized modular subsystems, they took their data to argue that "this specialization may have been somewhat overstated. . . . Although the evidence shows that different visual subsystems have different properties, it does not demonstrate that each system uniquely codes a single attribute" (p. 32). This view would leave open the possibility that various visual attributes are represented in multiple subsystems. Ultimately, a visual processing system organized in this way would be inconsistent with the very notion of modularity.
The Motion-Signal Account However, there is an alternative to the interpretation advocated by Driver and McLeod (1992) , which does not pose a problem to the modularity assumption. Search for a moving target may be facilitated, relative to search for a stationary target, because it exploits differential motion velocity signals generated by the target and distractor lines. To illustrate, the strength of a moving line's velocity signal can be considered as depending on four factors: the length of the line, its orientation, its movement speed, and its movement direction. Signal strength can then be visualized as the area covered by the line moving at a constant speed within a given time interval (see Figure 2) . For a given line length and movement speed, the velocity signal generated by the line differs according to the angle between the line's orientation and its motion direction: The signal is (a) minimal when the angle is Oo, (b) maximal when the angle is 90°, and (c) intermediate when the angle is 45".
There are good grounds for conceptualizing motion velocity signals in this way. In the early visual pathway, there are motion detectors with small receptive fields, responding to motion only within a locally restricted area (e.g., Zeki, 1993). Local motion detectors cannot distinguish between the movement direction and the movement speed of a translating line, a phenomenon that is known in the literature as the "aperture problem" (e.g., Hildreth, 1984 ; see also Lorenceau, Shiffrar, Wells, & Castet, 1993) . Within their limited fields, they will always "see" the line moving orthogonally to its orientation (except when the line moves in the direction of its orientation, when it will be seen as static). What differs is the perceived velocity of the moving line: The velocity is at its maximum (corresponding to the line's real velocity) when the line moves vertically to its orientation, and it diminishes with decreasing angle between the line orientation and the movement direction.
The velocity-signal hypothesis leaves open another interpretation of Driver and McLeod's (1992) search asymmetry. Movingtarget conjunction search for 45" tilted line targets is not easier because it can rely on orientation analyzers within the movement filter, but rather because the moving target generates a unique motion signal compared with the moving distractors. In the rnoving-target condition, the target is the only upward-moving line oriented at 4S0, producing a relatively strong motion velocity signal (71% of an equivalent horizontal line). In contrast, the upward-moving distractors are all vertical, producing no-or only a weak-signal. Thus, differences in the velocity signals generated by the target and distractor lines could be used to make a formbased response, without the motion-sensitive cell explicitly coding line orientation. Obviously, no (differential) velocity signals would be generated for stationary targets, which can be detected only on the basis of explicit orientation differences to the nontargets coded by the form (respectively orientation) system. Thus, in effect, the motion-signal information can be used only in the moving-target condition to reduce the task to a single feature task that can be solved within the motion system. In contrast, in the stationarytarget condition, there are no such distinct motion signals, because all moving stimuli are identically oriented distractors. Consequently, solving the task in the stationary-target condition requires the conjunction of form and motion (more precisely, "stasis," the absence of motion; see Muller & von Muhlenen, 1999 , for a proposal of how static items may be selected within a field of moving items). members of each pair were allocated randomly to the moving-target and Rather, display items' form, whether moving or stationary, is stationary-target conditions, respectively. They were paid £2.00 ($3) for processed by a unitary form system.
Overview of the Present Experiments
If this account of the advantage for moving-target over stationary-target conjunction search is correct (exploitation of the form information contained in differential velocity signals), it should be observed only with simple moving stimuli that generate differential velocity signals (e.g., 45" line targets and vertical line distractors) but not with stimuli that do not produce differential velocity signals. In contrast, if the motion system has true form discrimination capability (albeit only for gross form differences), the advantage for moving-target over stationary-target search should hold for other forms as well as for simple lines.
We carried out Experiment 1 to reexamine the search asymmetry found by Driver and McLeod (1992) , using the same stimuli, 45" line targets and vertical line distractors, and display parameters. We replicated the advantage for moving-target over stationary-target search, consistent with both Driver and McLeod's account and the motion-signal account. In Experiment 2, we changed the vertical distractors to 315" tilted (i.e., -45" tilted) lines. According to the velocity-signal hypothesis, this change should have abolished the advantage for moving-target search. However, even though the advantage was reduced, it remained significant. A possible reason is that motion signals carry not only motion velocity but also motion direction information. Experiment 3 tested this velocity/direction-signal hypothesis by using stimuli that produced equivalent motion signals in terms of both velocity and direction. As we expected, the advantage for moving-target search was no longer obtained.
We designed Experiment 4 to provide another test of the motion-signal account. According to studies of feature search asymmetries (e.g., Treisman & Gormican, 1988) , it should be easier to detect a target generating a strong signal among distractors producing weak signals than vice versa. In Experiment 1, the target produced a strong motion signal and the distractors weak motion signals. Therefore, Experiment 4 used the same stimuli as Experiment 1 but with the role of target and distractors reversed: The target was now a vertical line (generating a weak signal in the moving-target condition) among 45" tilted lines (producing strong signals). This reversal abolished the advantage for moving-target search, consistent with the motion-signal account.
Experiment 1
According to the motion-signal account, an advantage for moving-target over stationary-target search should be evident whenever the target produces a unique motion signal, for instance, under the conditions of Driver and McLeod (1992) , in which participants searched for 45" tilted line targets. Therefore, we designed Experiment 1 to replicate the search asymmetry reported by Driver and McLeod for 45" tilted line targets. their participation in the experiment, which took 30 min to complete.
Apparatus. Stimuli were presented on a Tektronix 608 monitor CRT with a fast-decay P15 phosphor. The CRT was driven by an Interactive Electronics Systems point plotter (Version 3.2; Finley, 1985) , controlled by a Dell 4331M PC. The laboratory was dimly illuminated to prevent reflections on the CRT, and the brightness of the stimuli was adjusted to ensure that moving items did not leave a visible persistence trail. Participants viewed the CRT from a distance of 33 cm, with the viewing distance maintained through the use of a chin rest. Participants' responses were recorded using the right and left buttons of a serial Microsoft mouse, with the track ball removed to improve timing accuracy (Segalowitz & Graves, 1990) .
Stimuli. Displays contained 8, 16, or 24 stimuli (display size). Stimuli were vertical lines and lines tilted 45" to the right (see Figure 3) . The length of the lines was 0.62". Half of the stimuli were moving upward at a constant speed of 2.8"ls, whereas the other half of the stimuli were stationary. The position of the moving items was incremented every 10 ms, giving the impression of smooth, continuous movement. Stimuli were presented for a maximum time of 2,550 ms unless terminated by a participant's response.
The maximum display area with 24-item displays was 12.8" X 11.3". The display was subdivided into 24 adjacent vertical tracks that were equally wide, giving a horizontal display density of 1.88 items/". Stationary and moving items were placed on randomly interleaved tracks, and displays were dense in the sense that items occupied directly neighboring tracks. With 24-item displays, each track contained a stimulus. When display size was less than 24 items, the stimuli were placed randomly in adjacent tracks. The vertical positioning of the stimuli was determined randomly within the constraints that the stationary items were spread over the full vertical display extension and the moving items were initially placed toward the lower half of the display to prevent the uppermost items from scrolling off the display during a trial.
In the moving-target condition, half the display items were stationary 45" tilted lines, and the other half consisted of upward moving vertical lines (see Figure 1A ). On target-present trials, 1 of the moving items was a 45" tilted line. In the stationary-target condition, the identities of the items in the stationary and the moving sets were reversed; that is, the target was a stationary 45" tilted line among a set of stationary vertical lines and a set of moving 45" tilted lines (see Figure IB) . Design and procedure. There were 40 trials for each combination of the within-subject variables of target (present vs. absent) and display size (8, 16, or 24 items), giving a total of 240 trials for each search condition (moving target vs. stationary target). Each participant completed 240 experimental trials in either the moving-target or the stationary-target condition (between-subject variable). The 240 trials were presented in six blocks of 40 trials. Display size was kept constant throughout a block at 8, 16, or 24 items, whereas the order of target-present and target-absent trials was varied randomly within a block.' The various display size blocks were also presented in randomized order. At the beginning of the experiment, participants performed 40 unrecorded practice trials (with varying display sizes) in the presence of the experimenter, to ensure that they understood the task instructions. Each block started with 5 unrecorded warm-up trials.
Instructions. Participants were instructed to make a target-present or a target-absent response as quickly and accurately as possible but not to make more than two or three mistakes during a block of trials. When participants made an error, a computer-generated beep was sounded, and the number of errors made up to that trial during the current block was displayed on the monitor for 2 s. Participants were encouraged to use this information to adjust their response speed and accuracy so as not to exceed the permitted number of errors. One unrecorded filler trial was inserted after each trial on which an error occurred.
Results
Figure 4 presents the mean percentage of errors and the mean correct RTs as a function of display size, separately for the moving-target and stationary-target conditions. The mean search rates (based on linear regression analyses performed individually for each participant) are given on the right of each search RT function.
RT analysis. As one can see in Figure 4 , there was a clear difference in the search RT functions between moving-target and stationary-target search. We analyzed the RT data by using a three-way mixed-design analysis of variance (ANOVA) with search condition (moving target vs. stationary target) as the between-subject variable and target (present vs. absent) and display size (8, 16, or 24 items) as the within-subject variables. All three main effects were significant: RTs were faster in the movingtarget condition than in the stationary-target condition, F(l, 18) = 8.05, p < .05; were faster on target-present trials than on targetabsent trials, F(l, 18) = 144.65, p < .01; and increased with display size, F(2, 36) = 33.30, p < .01. Furthermore, all two-way interactions were significant: The advantage for moving-target search was more marked on target-absent trials, Search Condition X Target, F(1, 18) = 41.04, p < .01; search rates were faster overall in the moving-target condition, Search Condition X Display Size, F(2, 36) = 6.23, p < .01; and search rates were faster overall on target-present trials than on target-absent trials, Target X Display Size, F(2, 36) = 39.82, p < .01. Finally, the three-way interaction was significant, F(2, 36) = 9.02, p < .01, which was due to the search rate advantage in the moving-target condition being larger on target-absent trials.
Error analysis. The overall error rates were 5.3% misses (target-present trials) and 1.0% false alarms (target-absent trials). Miss and false-alarm rates were arcsine transformed and analyzed separately by two-way ANOVAs with main terms for search condition and display size. The miss rate ANOVA revealed a significant main effect only for display size, F(2, 36) = 6.34, p < .01: Misses increased from 3.9% with 8-item displays to 7.4% with 24-item displays. No effect involving search condition reached significance. The false-alarm rate ANOVA revealed only the main effect of display size to be significant, F(2, 36) = 4.73, p < .05:
False alarms decreased from 1.6% with 8-item displays to 0.3% with 24-item displays. Because both ANOVAs revealed no significant effects involving search condition, it is unlikely that the search rate differences between the moving-target condition and the stationary-target condition were confounded by differential speed-accuracy trade-offs (i.e., faster RTs at the cost of less correct responses in the moving-target condition).
Discussion
In summary, Experiment 1 replicated the search asymmetry reported by Driver and McLeod (1992) : Search rates were considerably faster in the moving-target condition than in the stationarytarget condition. In Experiments 1 and 2 of Driver and McLeod, the search rate advantage for moving-target over stationary-target search was 3 versus 11 mslitem for target-present trials and 12 versus 22 mstitem for target-absent trials. In the present Experiment 1, the search rate advantage in the moving-target condition was 4.6 versus 10.7 mslitem for target-present trials and 13.6 versus 33.8 mslitem for target-absent trials. This pattern of results is consistent with both the movement filter account, according to which gross aspects of stimulus orientation are coded within the movement filter (cf. Driver & McLeod, 1992) , and the motionsignal a c~o u n t .~
Experiment 2
We designed Experiment 2 to distinguish between the movement filter account and the motion-signal account by using line stimuli of orientations that afforded easy target-distractor discrimination (as in Experiment 1) but with moving-target and distractor lines producing motion velocity signals of the same strength (unlike Experiment 1). To accomplish this goal, the vertical line distractors in the displays of Experiment 1 were replaced by lines tilted 315" (i.e., tilted to the left 45" from the vertical; see Figure  3 ). According to the movement filter account, a search asymmetry (i.e., an advantage for moving-target over stationary-target search) should still be obtained in Experiment 2, because the orientation of the moving lines could be discerned within the movement filter. In contrast, according to the motion-signal account, the search asymmetry should be abolished, because moving targets and distractors would no longer be discernible by their motion signals.
Method
Participants. Twenty new participants, 6 male and 14 female, took part in Experiment 2. Their ages ranged between 20 and 45 years (M = 26.3 ' Display size was blocked to enable the observers to equate their error rates across the display size conditions. See also the Instructions section in Experiment 1.
Previous unsuccessful attempts to replicate these findings (Muller & Maxwell, 1994 ) may have been due to differences in the display densities used (Berger & McLeod, 1996; Miiller & Found, 1996) or the amount of practice received by the participants (Miiller & von Muhlenen, 1999 years). Pairs of participants matched for sex and (as well as possible) age were formed, and members of each pair were allocated randomly to the moving-target and stationary-target conditions, respectively. They were paid DM 6.00 ($3) for their participation. Apparatus, stimuli, design, procedure, and instructions. The apparatus was the same as that used in Experiment 1, except that the point plotter was now controlled by a Dell PII-200 MHz PC. The design, procedure, and instructions were the same as those used in Experiment 1. The only change concerned the stimuli: Namely, all vertical lines in the displays of Experiment 1 were replaced by lines tilted 315" (see Figure 3) .
Results
RT analysis. As one can see in Figure 5 , the search RT functions for moving-target and stationary-target search still showed an advantage for the moving-target condition (i.e., a search asymmetry), although the advantage appeared to be reduced relative to Experiment 1. To further explore these effects, we analyzed the RT data by using a three-way mixed-design ANOVA with main terms for search condition, target, and display size. The two main effects for target, F(1, 18) = 113.21, p < .01, and display size, F(2,36) = 174.33,~ < .01, were significant. Furthemore, all two-way interactions were significant: Search Condition X Target, F(1, 18) = 8.53, p < .01; Search Condition X Display Size, F(2, 36) = 5.31, p < .05; and Target X Display Size, F(2, 36) = 135.29, p < .01. Finally, the three-way interaction was marginally sigdicant, F(2, 36) = 3.02, p < .07.
Importantly, the Search Condition X Display Size interaction indicates that the search rates were faster in the moving-target condition than in the stationary-target condition.
Error analysis. The overall error rates were 6.2% misses and 1.8% false alarms. Miss and false-alarm rates were arcsine transformed and analyzed separately by two-way ANOVAs with main terms for search condition and display size. For misses, the main effect of display size was significant, F(2,36) = 7 . 6 3 ,~ < .O1. Misses increased from 4.5% with 8-item displays to 8.5% with 24-item displays. Furthermore, the Search Condition X Display Size interaction was significant, F(2, 36) = 4.48, p < .05, indicating that the increase in miss rates with display size was larger in the stationarytarget condition (from 4.0% to 11.1%) than in the moving-target condition (from 5.0% to 5.9%). This pattern of target misses argues against the search asymmetry being due to a speed-accmy trade-off and reinforces the RT search rate results. The ANOVA of the faisealarm rates revealed no significant effects.
Discussion
According to the motion-signal account, we expected that the search rate difference between moving-target and stationary-target search in Experiment 2 would be abolished or at least significantly reduced in comparison with Experiment 1. However, even though there was some reduction in Experiment 2, a significant advantage remained for moving-target search (an ANOVA comparing Experiment 2 with Experiment 1 failed to reveal the reduction to be significant). This residual advantage appears to argue in favor of Driver and McLeod's (1992) movement filter account and against the motion-signal account.
However, an augmented motion-signal account would also be able to explain the residual search rate advantage for the movingtarget condition in Experiment 2 (and Experiment 1). According to the simple account set out above in the introduction, the motion system might discern differently oriented moving stimuli only by their velocity signals. According to the augmented account, the system uses not only the differential local velocity signals pro- duced by moving stimuli but also their local direction signals (velocity/direction-signal hypothesis). To illustrate, even though all moving stimuli were moving in an upward direction in Experiment 2 (as in Experiment l), they were differently oriented, producing locally different movement direction signals: The rightward tilted target line (45") produced a strong left-upward signal, whereas the leftward-tilted distractor lines (315") produced a strong right-upward signal. On the plausible assumption that local direction is derived from and represented by the motion system (Albright, 1984; Hubel & Wiesel, 1968; Zeki, 1974) , the differential direction information could be used to discriminate between the target and the distractor lines. Relying only on direction-signal information (the only source of difference in Experiment 2) would be expected to make search somewhat less efficient compared with when both differential velocity and direction-signal information are available (as in Experiment 1). This absence of differential velocity signals would explain the slightly-though not significantly-reduced advantage for moving-target search in Experiment 2 relative to Experiment 1. Hereinafter, the augmented motion-signal account outlined above is referred to simply as the "motion-signal account."
Experiment 3
We designed Experiment 3 to test the velocity/direction-signal hypothesis, according to which the search can exploit differential motion velocity signals andlor motion direction signals in the moving-target condition. This test required a pair of stimuli that afforded easy target-distractor discrimination (as in Experiments 1 and 2) but with moving-target and distractor stimuli producing the same local velocity and direction signals (unlike Experiments 1 and 2). The selected pair of stimuli that fulfilled these requirements was 45" rotated crosses (i.e., Xs) and diamonds, which differed only in the spatial arrangement of their component line segments (see Figure 3) . According to the movement filter account, a search asymmetry (advantage for moving-target over stationary-target search) should still be obtained in Experiment 3, because the form discrimination required is easy (see McLeod et al., 1988 , who reported efficient motion-form conjunction search for moving Xs vs. moving 0 s and stationary Xs). In contrast, according to the velocity/direction-signal hypothesis, the search asymmetry should be abolished, because moving target and distractors would no longer be discernible by their velocity, orientation signals, or both.
Method
Participants. Forty new participants, 17 male and 23 female, took part in Experiment 3.3 Their ages ranged between 21 and 43 years (M = 28.2 years). As in Experiments 1 and 2, pairs of participants matched for sex and age were formed, and members of each pair were allocated randomly to the moving-target and stationary-target conditions, respectively. They were paid DM 6.00 ($3) for their participation.
Stimuli. The only difference from Experiment 2 concerned the stimuli. The target stimulus and one set of distractor stimuli were crosses rotated by 45" (X); the other set of distractor stimuli were squares rotated by 45" (diamonds; see Figure 3 ). The height of both cross and diamond stimuli was 0.44" of visual angle, so that stimulus size was the same as that used in Experiments 1 and 2. It is important to note that the cross and diamond stimuli were composed of exactly the same parts, two left-tilted and two
The number of participants was increased to twice the number used in each of the previous experiments to permit a stronger test of the null hypothesis under the velocity/direction-signal hypothesis that there would be no search asymmetry in Experiment 3 and to permit a more powe~ful comparison with the combined data of Experiments 1 and 2.
righr-tilted 45" lines of 0.22" length, which differed only in their spatial arrangement. Figure 6 , the search RT functions for moving-target and stationary-target search were very similar. A three-way mixed-design ANOVA, with main terms for search condition, target, and display size, revealed the standard significant main effects for target, F(1,38) = 236.30, p < .01, and display size, F(2, 76) = 192.88, p < .01, and a significant Target X Display Size interaction, F(2, 76) = 161.10, p < .01.
Results

RT analysis. As one can see in
More interesting, only one interaction involving search condition was significant, Search Condition X Target, F(1, 38) = 8.20, p < .01. Target-present RTs were somewhat slower (-29 ms) in the moving-target condition than in the stationary-target condition, whereas target-absent RTs were faster (87 ms). It is important, though, that there were no significant search rate differences between moving-target and stationary-target search, Search Condition X Display Size, F(2, 76) = 0.20, ns, and Search Condition X Display Size X Target, F(2, 76) = 0.90, n~.~ Error analysis. The overall error rates were 5.7% misses and 1.2% false alarms. Miss and false-alarm rates were arcsine transformed and analyzed separately by two-way ANOVAs with main terms for search condition and display size. For misses, the main term for display size was significant, F(2, 76) = 6.22, p < .01:
Miss rates increased with display size (8 to 24 items) from 4.5% to 7.5%. Furthermore, the main term for search condition was significant, F(l, 38) = 8.07, p < .01, indicating that more misses were made in the stationary-target condition than in the movingtarget condition (6.9% vs. 4.5%, respectively). This result could mean that a possible search asymmetry was hidden by the lower miss rate in the moving-target condition (i.e., differential speedaccuracy trade-offs in the moving-target and stationary-target conditions). However, the overall reduction in misses for movingtarget search was relatively small, and, most important, it showed no differential display size effect to the stationary-target condition (the Search Condition X Display Size interaction was not significant, F[2,76] = 2.24, ns). The false-alarm rate ANOVA revealed the main effect of display size to be significant, F(2, 76) = 7.40, p < .01: False alarms decreased from 1.9% with 8-item displays to 0.9% with 24-item displays.
Discussion
The results of Experiments 1-3, taken together, are difficult to explain within the movement filter framework outlined by Driver and McLeod (1992) . According to their account, the search asymmetry should depend only on the difficulty of the form discrimination (i.e., an advantage for moving-target search would occur only with easy form discrimination, within the capability of the movement filter). However, although form discrimination was similarly easy in all three experiments (as one can infer from the lack of significant differences between the stationary-target conditions of Experiments 1-3; see also Footnote 7, which is presented later in this article), the search asymmetry was abolished in Experiment 3.
The results of Experiment 3 confirm the velocity/directionsignal hypothesis. Target detection was facilitated in the movingtarget condition of Experiments 1 and 2 because the target produced a unique motion signal directed 45" to the right, standing out among the distractor motion signals that were either very weak in Experiment 1 or directed 45" to the left in Experiment 2.
In simple model terms, this pattern of effects (differential search asymmetries in Experiments 1-3) can then be explained as follows: In the stationary-target condition, search relies on the conjunction of separately coded motion and form information to discern the presence of a target. However, in the moving-target condition, special motion-signal information becomes available within the movement system that can be exploited to infer the presence of a target. Thus, the fact that this information becomes available within a single system effectively reduces what is formally defined as a conjunction search task to a simple feature search or "pop-out" task (assuming that the local motion-signal information is derived and represented in parallel across the field).5 It is very important though to clarify that this does not mean that gross aspects of form are coded within the motion system. What is coded within this system is motion-based information that can be used secondarily to infer the presence of form-based differences.
Experiment 4
A key assumption of the (augmented) motion-signal account is that there are special movement velocity and direction (i.e., movement feature) detectors in early vision, consistent with the neurophysiology of movement perception (e.g., Zeki, 1993). In the visual search literature, evidence for specialized feature analyzers comes from the search asymmetries reported by Treisman and Gormican (1988) , among others. Treisman and Gormican examined search performance in simple feature search tasks, in which the target differed from the distractors in a single feature. They reported search asymmetries for a wide range of stimulus pairs, such that it was easier to find a stimulus target of one type among stimulus distractors of the other type than when the roles of target and distractors were reversed. For example, it was easier to find a (18") tilted line among vertical lines than a vertical line among tilted lines (target-present search rates: 2.0 vs. 17.1 mslitem, respectively). Treisman and Gormican explained this finding by assuming that for some stimuli, but not others, there are specialized feature detectors in early vision that code the presence (within the detectors' receptive field) of a corresponding stimulus feature. Thus, when there are feature detectors for the target (but not the distractors), target presence is signaled by a unique feature detector. That means the overall activity is greater in the summed output ANOVAs comparing Experiment 3 with Experiments 1 and 2 combined revealed that, although the stationary-target conditions exhibited no differences in search performance between the experiments, the search rates were significantly faster in the moving-target condition of Experiments 1 and 2 combined relative to that of Experiment 3.
That a target is formally defined by a unique feature conjunction does not necessarily mean that target detection is based on processes that conjoin its features. The conjunction may be coded by hard-wired units tuned to the particular combination of target features, as envisaged by Driver and McLeod (1992) . Alternatively, the target may be singled out by an additional feature that does not enter into the formal definition of the conjunction, as suggested by the motion-signal account.
Display Sue
Display She of the target feature detectors when a target is present rather than absent. This target-presentlabsent activity ratio of 110 makes search efficient. In contrast, when there are special feature detectors for the distractors (but not the target), there is lower overall activity in the summed output of the distractor feature detectors when a target is present rather than absent-target-presentlabsent activity ratio: (n -l)ln, where n is the display size. This lower overall activity makes search inefficient, essentially because the absence of a target-specific signal does not pop out of the display. According to the motion-signal account, movement velocity and direction information is signaled by specialized feature detectors within the motion system. If such signals are exploited in the moving-target condition, as suggested by the simple account outlined above, the classical feature search asymmetry should also apply to the present "conjunction" search paradigm. That is, search performance in the moving-target condition should critically depend on whether the target is signaled by the presence of specialized feature detector activity. If it is (as in Experiments 1 and 2), a search asymmetry, with an advantage for moving-target search, should be observed. However, when target presence is not signaled by specialized feature detectors, the asymmetry should be abolished. In other words, it should be easier to detect the presence of a strong motion signal (e.g., the signal produced by a tilted line) among weak motion signals (e.g., the signal produced by vertical lines) than vice versa.
We tested this search asymmetry in Experiment 4 by using the same stimuli as those used in Experiment 1 (45" tilted and vertical lines) but with the roles of target and distractors reversed relative to those used in Experiment 1: The target was a vertical line among 45" tilted lines (see Figure 3) . We expected that this role reversal would reduce the search advantage for moving-target relative to stationary-target search in comparison with Experiment 1.
Method
Participants. Twenty new participants, 6 male and 14 female, took part in Experiment 4. Their ages ranged between 19 and 28 years (M = 22.9 years). Pairs of participants matched for sex and age were formed, and members of each pair were allocated randomly to the moving-target and stationary-target conditions, respectively.
Stimuli. The stimuli were the same as those used in Experiment 1,45" tilted and vertical lines (see Figure 3) . The only difference from Experiment 1 was that the target was a vertical line and the distractors were 45" tilted and vertical lines (in Experiment 1, the target was a 45" tilted line). Figure 7 , the search RT functions for the moving-target and stationary-target conditions were very similar. A three-way mixed-design ANOVA, with main terms for search condition, target, and display size, revealed the standard pattern of significant effects: main effects for target, F(1, 18) = 9 8 . 1 5 ,~ < .01, anddisplay size, F(2,36) = 1 4 5 . 1 1 ,~ < .01, and a Target X Display Size interaction, F(2, 36) = 75.49, p < .01. Of the effects involving search condition, only the Search Condition X Target interaction was marginally significant, F(1, 18) = 4.23, p < .06, which was due to an overall advantage for moving-target search with target-absent trials (119 ms) but not with target-present trials (-1 ms). However, there were no significant search rate differences between moving-target and stationary-target search, Search Condition X Display Size, F(2, Error analysis. The overall error rates were 8.5% misses and 1.4% false alarms. Miss and false-alarm rates were arcsine transformed and analyzed separately by two-way ANOVAs with main terms for search condition and display size. For the misses, the main effect for display size, F(2, 36) = 5.54, p < .01, was significant. Overall, misses increased with display size (8, 16, and 24 items) from 5.8% to 10.7%. The ANOVA of the false-alarm rates revealed a marginally significant effect of display size, F(2, 36) = 2.76, p < .08, which was due to a small decrease in the false-alarm rate with display size from 2.0% to 0.7%.
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Experiment 4 showed that the search asymmetry observed in Experiment 1 was abolished when the roles of target and distractors were reversed. The result is consistent with the idea that a feature-based search asymmetry along the lines of Treisman and Gormican (1988) was affecting search performance in Experiment 1. Furthermore, it is consistent with the motion-signal account, according to which search performance in the moving-target conThe search asymmetry observed between the moving-target conditions of Experiments 1 and 46 further supports the view that the asymmetry did not solely result from the form differences between the target and distractors but from the differences in the motion signals generated by the target and distractors when moving. This search asymmetry between Experiments 1 and 4 argues that the motion-signal differences have their roots in mechanisms in early vision.
Because the stimuli in Experiment 4 were essentially the same as those in Experiment 1, with only a role reversal between the target and distractor stimuli, the difficulty of the required form discrimination should have been equivalent in both experiments. Thus, any accounts assuming that discrimination difficulty alone is important in determining search performance, such as the movement filter account, would encounter a problem explaining the feature-based search asymmetry between the moving-target conditions of Experiments 1 and 4.
General Discussion
The results of Experiments 1-4 can be summarized as follows: The Motion-Signal Account
It is difficult to see how the above pattern of results can be explained coherently by the movement filter account of McLeod and his colleagues (Driver & McLeod, 1992; McLeod et al., 1988) , because the form discrimination required was easy in all four experiments (see also Footnote 7). In contrast, the motion-signal account is able to provide a coherent explanation of the pattern of findings summarized above as well as the findings of Driver and McLeod, in addition to accounting for other findings that have provided a challenge to the movement filter account (e.g., Muller & von Muhlenen, 1999) . In the remainder of this section, we consider the strengths of the motion-signal account along with its implications for the modularity issue and theories of visual search.
Moving-target search is facilitated relative to stationary-target search only under conditions in which the velocity andlor direction information contained in motion signals can be exploited. Motion direction information alone (i.e., in the absence of differential velocity information) facilitates search, but the facilitation effect is more marked when the target is singled out by both velocity and direction information. This account is consistent with the neurophysiology of the motion system, which contains neural analyzers tuned to movement in a particular direction within their receptive fields (as well as some analyzers sensitive to motion irrespective of the direction). The first stage at which neurons show a directional preference is in the striate cortex, Area V1 (e.g., Hubel & Wiesel, 1968) . Approximately one third of V1 cells, particularly cells concentrated in the upper sublayers of Layer 4 and Layer 6, exhibit a direction-selective response. A strong projection leads from Layers 4B and 6 to Area MT (e.g., Shipp & Zeki, 1985) , in which neurons are almost exclusively direction-selective (e.g., Zeki, 1974 Zeki, , 1993 . Direction-selective neurons would produce maximum response if a line stimulus (a) moves in the neurons' preferred direction and (b) is oriented at 90" relative to their preferred direction (in which case the velocity signal is at its maximum). Consequently, in Experiment 1, in which the moving target was the only item producing a strong motion signal in any of the directions for which there were tuned analyzers, target presence or absence could be discerned by the response pooled across all sets of direction-selective analyzers. However, in Experiment 2, in which both the moving target and the moving distractors produced equally strong signals, albeit in separate populations of direction-selective analyzers, target presence could be discerned only by basing the response on the population of analyzers sensitive to the target motion (with maximum sensitivity for analyzers tuned to the upper-left direction). This explanation would require a selective set for the direction for which the target motion signal is at a maximum. There is both neurophysiological and psychophysical evidence that observers can indeed set themselves for selected movement directions (Treue & Martinez-Trujillo, 1999; von Miihlenen & Muller, 1999) .
Motion-signal information shows an asymmetry such that it enhances target detection only when the target generates a unique signal (i.e., a greater signal than the moving distractors) but not when the moving-distract& generate marked signals (i.e., greater signals than the moving target). This finding is consistent with other single-feature search asymmetries reported by Treisman and Gormican (1988) , among others, and can be taken to indicate that, under motion-form conjunction search conditions, the availability of motion signal (i.e., feature) information in moving-target conditions can reduce a conjunction search task to, in effect, a feature search task.
Concerning the modularity issue, the present findings can be explained entirely within the traditional framework, which assumes that there are modular systems coding form and motionbased information, respectively (see also von Muhlenen & Muller, 2000) . However, under the conditions specified above, motionbased information derived in the motion system can be used to discern the presence or absence of a target that is defined by a form difference relative to the distractors, in addition to being defined by a motion-signal difference. Thus, what may be interpreted in terms of a form-based response (Driver & McLeod, 1992 ) is in fact a motion-based response. Consequently, it can be concluded that the search asymmetry reported by Driver and McLeod (and replicated in the present Experiments 1 and 2) does not pose a fundamental challenge to the modularity assumption.
The present study shows that a movement filter mechanism that represents moving items only and permits form-based comparisons between these items to be performed (Driver & McLeod, 1992; McLeod et al., 1988) is not necessary to explain efficient search for motion-form conjunctions. Nevertheless, some filter mechanism would appear to be required to explain how search can be flexibly guided to moving or stationary items (e.g., Muller & von Muhlenen, 1999) or to subsets of moving items exhibiting motion in particular directions (e.g., von Miihlenen & Muller, 1999) . Von Muhlenen and Muller (2000) outlined how such a filter mechanism can be implemented within a framework adopted from Guided Search. Their account assumes that target selection operates from an overall saliency map (or master map of locations; e.g., Cave & Wolfe, 1990; Humphreys & Muller, 1993; Koch & Ullman, 1985; Treisman & Sato, 1990) . The relative activation of the master map units determines the attention priority for stimuli within their receptive fields (e.g., Cave & Wolfe, 1990; Koch & Ullman, 1985; Treisman & Sato, 1990) , the strength with which stimuli activate the target template in parallel (i.e., their selection weight; Duncan & Humphreys, 1989; Humphreys & Muller, 1993) , or both. The master map units integrate, in parallel, the output of domainIn a single-feature control experiment, with four stimulus conditions corresponding to the stimuli used in Experiments 1-4, the target was defined by a simple form difference relative to the distractors (e.g., at 45" tilted line among vertical lines, corresponding to Experiment 1). Stimuli were either all moving or all stationary. In these pop-out tasks, redundant motion-signal information available in the moving condition did not facilitate search performance over and above that achieved in the stationary condition. Furthermore, there were no differences in target-present search rates between the various stimulus conditions corresponding to Experiments 1-4 (search rates were between 0.5 and 2.0 mslitem). specific feature analyzers (through topographic connections between feature analyzer and master map units). Selection can be top-down controlled by enhancing the saliency of display items sharing target features at the feature map level (e.g., Cave & Wolfe, 1990; Treisman & Sato, 1990; Wolfe, 1994) . In conjunction search for a moving target that does not generate a unique motion signal, for example, an X among diamonds (Experiment 3), moving items are activated through the motion system and Xs through the form system, with the motion-based activation being dominant (to achieve the segmentation of the display into moving and stationary items). The moving X ought to achieve a higher saliency at the master map level than moving diamonds and stationary Xs, because it is the only item receiving activation from both the motion and the form feature detectors (nontargets are supported by only one detector). Thus, search can be efficiently guided to the moving target even when there are stationary items in the display sharing the target form. Within this framework, it is possible to provide a coherent account for all findings of McLeod and his colleagues (McLeod et al., 1988; Driver & McLeod, 1992) as well as the novel findings of von Muhlenen and Muller (Muller & von Muhlenen, 1999; von Muhlenen & Muller, 1999 , 2000 , including those reported in the present article, that have challenged the movement filter account.
Conclusion
In summary, the experiments presented conclusively show that the search asymmetry first reported by Driver and McLeod (1992) does not provide a fundamental challenge to the modularity hypothesis. The most likely explanation of the asymmetry is that the advantage for the moving-target condition is due to the motion system being able to exploit motion-signal information that is not available under stationary-target conditions. This explanation fits well with general theories of visual search, which make the simple assumption that motion and form are processed in separate systems.
